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Abstract: The study presents results of floristic investigations conducted in areas with high concentration of heavy metals in
the substrate, where zinc and lead ore deposits have been mined for many ages. Five sites were selected for a detailed investigation,
located in three regions of the Silesia-Cracow Monocline. In the course of field studies, 362 vascular plant species, belonging
to 73 families and 232 genera, were recorded. A group of 44 species was common for all investigated sites. Based on the
analysis of vascular flora diversity in the areas under the study, it was determined that the majority of species are native
hemicryptophytes. The largest proportion are thermophilic and heliophilic species of meadows and grasslands, while a large
part of the flora is formed by species connected with moderately poor and mineral, and humus-rich types of soil. A noteworthy
fact is the occurrence of numerous plants connected with moist and humid soils, despite the unfavorable humidity conditions.
The share of halophytes and species with increased heavy metal tolerance is also conspicuous. The flora of majority of investigated
abandoned mining sites includes common species characterised by extensive plasticity and numerous adaptations to the habitat
conditions present in the study areas, as well as a range of species which belong to the group of protected, rare or threatened
plants.
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1. Introduction
Largest deposits of zinc and lead ore in Poland are
located in the Silesia-Cracow Monocline, where they
have been mined and processed since the Middle Ages.
On the abandoned mining terrains developed habitats
with high concentration of heavy metals in the substrate.
These areas are colonised by organisms which are highly
tolerant to environmental stress. High content of heavy
metals (zinc, lead, cadmium) in the soil contributes to
the character of the habitat and therefore to the transfor-
mations of plant cover in abandoned mining areas.
Unique plant communities are formed, and species with
interesting biological features grow there. First floristic
records from the Polish calamine area (in the vicinity
of Olkusz) are contained in the studies by: Zalewski
(1886), WÛycicki (1913), Pax (1918), Szafer & Zarzycki
(1977) and DobrzaÒska (1955). Detailed analyses of the
Olkusz Ore Basin were presented by Wika and Szczypek
(1990) as well as by GrodziÒska et al. (2000).
Biologists have long been interested in vascular plant
species which grow in such areas and which are rare
and interesting from an ecological and physiological
point of view (Wierzbicka & Potocka 2002; Baranow-
ska-Morek & Wierzbicka 2004; Pielichowska & Wierz-
bicka 2004; Szarek-£ukaszewska et al. 2004).
The majority of calamine areas in Poland has not
received a comprehensive floristic treatment until now;
this is why the scarce and fragmentary data on the status
and quality of calamine flora and its special character
have necessitated in-depth studies.
Thus, the aim of the present study is the determina-
tion of the current species composition and the defini-
tion of the ecological characteristics of the flora with
regard to special ecological habitat conditions prevail-
ing in the selected calamine areas of the Silesia-Cracow
Monocline.
2. Material and methods
The study sites are linked with the geological structure
of Poland, especially with the Silesia-Cracow Monocline
which is built predominantly of Triassic carbonate rock
rich in zinc-lead ore deposits (SzuwarzyÒski 2000;E
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Caba≥a & Konstantynowicz 1999). These deposits lead
to the appearance of natural aureoles of metal distribu-
tion in the environment, especially due to the shallow
occurrence of ore bodies and also as a result of many
ages of ore mining and processing. Oxidised zinc and
lead ores are called calamines.
From the administrative point of view the study sites
are located within the borders of two voivodeships in
south Poland: Silesia and Ma≥opolska. They include five
areas of irregular shape which belong to different ore
deposit regions, where zinc and lead ore has been mined
and processed for many ages, such as: in the Siewierz-
Olkusz region ñ the ÇBoles≥awí strip pit near Olkusz
(B); in the ChrzanÛw-Jaworzno region ñ the ÇWarpieí
forest in ChrzanÛw Balina (W) and calamine areas in
Jaworzno D≥ugoszyn (D); in the Tarnowskie GÛry-
Bytom region ñ the study sites in the town of Tarnowskie
GÛry: dolomite spoil heap of the ÇFryderykí mine (TGD)
and ÇPlanetaí forest (TGP). The designated study areas
varied in size and represented predominantly grasslands
with more or less numerous shrubs as well as mixed
and pine forests that are anthropogenic in character. The
soil was characterised by conspicuously increased con-
tent of heavy metals (Table 1), basic pH and adverse
humidity conditions.
the works of Zarzycki et al. (2002), Rutkowski (2004)
and Matuszkiewicz (2001).
3. Results
Despite the harsh habitat conditions, a total number
of 362 vascular plant species, belonging to 73 families
and 232 genera, were found in the study sites. The largest
number of species was recorded from the sites in
Jaworzno D≥ugoszyn and ChrzanÛw, while the most
floristically impoverished site was the area of dolomite
spoil heap in Tarnowskie GÛry. A group of 44 species
was found to be common for all study sites, with highest
floristic similarity recorded between the sites in the
ChrzanÛw-Jaworzno region, followed by the Siewierz-
Olkusz region. The second significant grouping showing
considerable floristic similarity is formed by the sites
located within the town of Tarnowskie GÛry (Fig. 1).
The most numerously represented family in the flora
of investigated areas is the family Asteraceae which
constitutes between 9% and 16% of all species in individual
sites, whereas in the ÇPlanetaí forest this family is only
on the second place ñ after the family Poaceae which
constitutes as much as 13% of the species composition
of that site. On other sites, the family Poaceae consti-
Table 1. Average total content and average concentration of water-soluble metal forms in the investigated calamine sites [mg/kg d.m.]
Explanations: B ñ ëBoles≥awí strip pit near Olkusz; W ñ ëWarpieí forest in ChrzanÛw Balina; D ñ calamine areas in Jaworzno D≥ugoszyn;
TGD ñ dolomite spoil heap of the ëFryderykí mine; TGP ñ ëPlanetaí forest
Fig. 1. Similarity of investigated sites calculated on the basis of
floristic lists
Explanations: D, W, B, TGD, TGP ñ see Table 1
The analysis encompassed the qualitative composition
of flora and the occurrence of individual taxa depending
on the diversity of biotopes in which they occurred. Data
was collected as floristic lists and collections of her-
barium specimens. Floristic studies were carried out in
2000-2003. Classification of species with regard to their
affiliation to geographical-historical groups was based
on the works of various authors (Kornaú 1968a, 1968b;
Krawiecowa & RostaÒski 1972; TrzciÒska-Tacik 1979;
Zajπc & Zajπc 1996; Zajπc et al. 1999; Mirek et al.
2002). Analysis of calamine flora in terms of the share
of Raunkiaerís life forms, ecological indicator values
and phytosociological affiliation was performed following
Zn Pb Cd 
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‘’ strip pit near Olkusz 
(B) 38879.0 26.0 2637.0 2.0 176.0 0.1 
‘Warpie’ forest in Chrzanów 
Balina (W) 37492.0 24.0 13809.0 4.0 196.0 0.1 
Calamine areas in Jaworzno 
	
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23533.0 12.0 5370.0 2.0 263.0 0.2 
Dolomite spoil heap of the 
‘Fryderyk’ mine (TGD) 45944.0 19.0 15351.0 4.0 504.0 0.2 
‘Planeta’ forest (TGP) 31666.0 21.0 24445.0 4.0 78.0 0.1 
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Fig. 2. Share of metallophytes in the flora of calamine areas
Explanations: D, W, B, TGD, TGP ñ see Table 1
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tutes ca. 6-11% of the flora. A considerable part of the
flora of calamine areas is also formed by the following
families: Rosaceae (5-9%), Fabaceae (5-8%), Caryophylla-
ceae (4-6%), Apiaceae (4-6%), Brassicaceae (2-5%),
Scrophulariaceae (2-5%) and Lamiaceae (2-5%). The
remaining families which have a smaller share in the
flora of investigated calamine areas add up to 26-37%
of species.
Based on the analysis of vascular flora diversity in
investigated sites it has been determined that species of
native hemicryptophytes dominate there (Table 2). The
major part is formed by thermophilic and heliophilic
species of meadows and grasslands  (Table 2). There is
also a large proportion of species linked with moderately
poor and mineral, and humus-rich soils. It is noteworthy
that calamine soils, despite the unfavorable humidity
conditions, harbour a high proportion of plants connected
with moist and humid soils  (Table 2). The share of
halophytes and species with increased heavy metal
tolerance is also conspicuous (Fig. 2). The flora of majo-
rity of investigated abandoned mining sites includes
common species characterised by extensive plasticity and
showing numerous adaptations to the habitat conditions
present in the study area, thus forming a local gene repo-
sitory which is useful during recultivation of terrain con-
taminated with heavy metals. Species of protected, rare
or threatened plants appear also quite often as a result
of the process of spontaneous succession on this kind
of abandoned post-industrial sites (Carlina acaulis L.,
Digitalis grandiflora Mill., Epipactis helleborine (L.)
Crantz, Gentiana cruciata L., Malaxis monophyllos (L.)
Sw.).
Table 2. Geographical-historical, phytosociological and ecological structure of calamine flora
Explanations: D, W, B, TGD, TGP ñ see Table 1
Species groups B W D TGD TGP 
Geographical-historical groups Number of species 
Apophytes 173 180 186 97 114 
Archaeophytes 4 5 12 5 3 
Ephemerophytes 1 5 1 0 0 
Ergasiophygophytes 1 2 2 0 0 
Kenophytes 7 6 8 3 0 
Hybrides 0 2 2 0 0 
Species with uncertain status in the Polish flora 4 2 2 0 1 
Phytosociological classes Number of species 
Molinio-Arrhenatheretea 40 38 34 25 32 
Festuco-Brometea 31 24 41 18 7 
Querco-Fagetea 8 26 15 6 17 
Artemisietea vulgaris 20 16 14 11 5 
Stellarietea mediae 7 10 15 6 5 
Trifolio-Geranietea sanguinei 5 7 8 4 1 
Epilobietea angustifolii 6 6 6 4 6 
Species which may occur in more than one class 37 38 37 25 29 
Others 40 36 45 7 17 
Preferences of plants towards soil humidity Number of species 
Very dry 3 3 4 2 0 
Very dry-dry 1 1 2 0 0 
Dry 33 23 43 16 11 
Dry-moist 28 26 36 21 11 
Moist 49 70 65 34 42 
Most-humid 40 42 34 25 4 
Humid 4 10 5 1 6 
Humin-wet 9 4 8 1 5 
Wet 4 1 1 0 2 
Wet-water 0 0 0 0 1 
Water 0 0 0 0 2 
Broad spectrum 9 12 10 5 6 
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4. Conclusions
The majority of plants which occur in calamine
areas are very common species which are frequently
found in other habitats. However, the composition of
plant communities and characteristics of individual
specimens are so special and distinctive that they jus-
tify the collective name Çcalamine vegetationí since the
sites where they occur are markedly different from other
habitats.
There are many reasons for which the question of
legal protection of calamine areas shall not be neglected.
These areas undoubtly posses huge natural and land-
scape value. What is even more important is the fact
that they give us unique opportunity to observe the
forces of evolution creating new races and species. This
process, called microevolution, is one of the best
examples of evolution in action. Calamine areas pre-
serve, without the shadow of a doubt, one of the most
precious and unique part of the European calamine flora.
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